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[57] ABSTRACT 

A system for generating a digital representation of a video 
signal comprised of a sequence of video frames which each 
include two video fields of a duration such that the video 
plays at a first prespecified rate of frames per second. The 
sequence of video frames includes a prespecified number of 
redundant video fields. Redundant video fields in the video 
frame sequence are identified by a video processor, and the 
video frame sequence is digitized by an analog to digital 
convenor, excluding the identified redundant video fields. 
The digitized video frames are then compressed by a video 
compressor to generate a digital representation of the video 
signal which plays at a second prespecified rate of frames 
per second. 
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^S™ ONIC FILM EDITING SYSTEM redundani video frames from being digitized The video 

USING BOTH FILM AND VIDEOTAPE compressor compresses me video LSSed « JPEG 

FORMAT video compression. 

SefSfo S££ " fefi d 35 di S ital vidc ° P^y ^te is 24 frames per second. 

9 * The rate of the analog video signal is increased from 29.97 

BACKGROUND OF THE INVENTION P Cr sccond t0 30 framcs ^ second beforc 111(5 step 

. . of digitizing the video frame sequence. In further preferred 

This invention relates to techniques for electronically 10 embodiments, the analog video signal is a video represen- 

editing film. tation of film shot at 24 frames per second, and the digital 

Film video and audio source material is frequently edited Vlde ° P lav rate of 24 frames per second corresponds to the 

digitally using a computer system, such as the Avid/1 Media 2 , 4 fra mes per second film shooting rate. The analog video 

Composer from Avid Technology, Inc., of Tewksbury, s ^ al * a representation of film that is transferred to the 

Mass., which generates a digital representation of a source' 35 video representation using a telecine apparatus, 

film, allowing a film editor to edit the digital version, rather In general, in another aspect, the invention provides an 

than the film source itself. This editing technique provides electronic editing system for digitally editing film shot at a 

great precision and flexibility in the editing process, and is fi rst prespecified rate and converted to an analog video 

thus gaining popularity over the old style of film editing representation at a second prespecified rate The editing 

using a flatbed editor. 20 system includes analog to digital converting circuitry for 

The Avid/1 Media Composer accepts a videotape version ? ccepting the analog video representation of the film, adjust- 

of a source film, created by transferring the film to videotape mg the rate of the analog video such that the rate corre- 

using the so-called telecine process, and digitizes the vid- sponds to the first prespecified rate at which the film was 

eotape version for editing via manipulation by computer. „ snot > and digitizing the adjusted analog video to generate a 

The operation of the Media Composer is described more corresponding digital representation of the film. Further 

fully in copending application U.S. Ser. No. 07/866,829, included is a digital storage apparatus for storing the digital 

filed Apr. 10, 1992, and entitled Improved Media Composer. representation of the film, and computing apparatus for 

The teachings of that application are incorporated he rein by processing the stored digital representation of the film to 

reference. Editing of the digitized film version is performed 30 eleclro mcally edit the film and correspondingly edit the 

on the Media Composer computer using CRT monitors for storc d digital representation of the film, 

displaying the digitized videotape, with the edit details being In preferred embodiments, the system further includes 

based on videotape timecode specifications. Once editing is digital to analog converting circuitry for converting the 

complete, the Media Composer creates an edited videotape edited digital representation of the film to an analog video 

and a corresponding edit decision list (EDL) which docu- 35 representation of the film, adjusting the rate of the analog 

ments the videotape timecode specification details of the video from the first prespecified rate to the second prespeci- 

edited videotape. The film editor uses this EDL to specify a fi ed video rate, and outputting the adjusted analog video, 

cut and assemble list for editing the source film. While Preferably, the analog video representation of the film 

providing many advantages over the old style flatbed film accepted by the analog to digital converting circuity is an 

editing technique, this electronic editing technique is found <«, NTSC videotape. The apparatus for storing the digital rep- 

to be cumbersome for some film editors who are unaccus- resentation of the film also stores a digitized version of a film 

tomed to videotape timecode specifications. transfer log corresponding to the digital representation of the 

SUMMARY OF THF imvpnttiom ^ Sy ? ltm .^chides display apparatus for displaying 

oUMMARY OF THE INVENTION the digitized version of the film as the film is electronically 

In general, in one aspect, the invention provides a system 45 editcd ***** displaying a metric for tracking the location of a 

for generating a digital representation of a video signal segment of the film as the segment is displayed, the metric 

comprised of a sequence of video frames which each include bein g Da sed on either film footage code or video time code, 

two video fields of a duration such that the video plays at a as specified by the system user. 

first prespecified rate of frames per second. The sequence of Tne electronic editing system of the invention allows 

video frames includes a prespecified number of redundant 50 users 10 Provide the system with film formatted on standard 

video fields. In the invention, redundant video fields in the videotapes, NTSC tapes, for example, and yet allows the 

video frame sequence are identified by a video processor, vid eo to be digitally edited as if it were film, i.e., running at 

and the video frame sequence is digitized by an analog to film speed, as is preferred by most film editors. By refor- 

digital convertor, excluding the identified redundant video matting the analog video as it is digitized, the system 

fields. The digitized video frames are then compressed by a 55 provides the ability to electronically edit film based on the 

video compressor to generate a digital representation of the same metric used in conventional film editing 

P ' ayS " 3 ^ PrCSPeCified ralC ° f BRIEF DESCRIPTION OF THE DRAWINGS 

In preferred embodiments, the invention further provides FIG. 1 is a schematic diagram of the electronic editing 

for storing the digitized representation of the video signal on 60 system of the invention. 

a digital storage apparatus. The redundant video fields are FIG. 2 is a diagram of the telecine film-tape transfer 

identified by assigning a capture mask value to each video pulldown scneme. 

fi fi W M I?? Vide <^ am u S T.? Ce ' thC Capmre mask Value of FIG. 3 is a schematic diagram of the telecine film-tape 

a tield being a 0 if the field is redundant, and the capture transfer system 

I fi KK bCing 3 " r ?' '5 ° lh r er VidC ° fiC,dS - 65 na 4 * an Evertz Film Tra <«rer Log produced by the 

A video frame grabber processes the video frame sequence telecine transfer system and processed by the editing system 

based on the capture mask values to exclude the identified of the invention. 
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FIG. 5 is an illustration of a video screen showing the records the signal on videotape. A TLC controls the film- 
electronic bin generated by the editing system of the inven- tape transfer more precisely than non-TLC system. In 
00n - addition, it outputs a report, described below, that includes 

FIG. 6 is a diagram of the scheme employed by the editing vid *° f° rma t specifications, i.e., timecode, edge number, 

system in digitizing a video input to the system. 5 audio timecode, scene, and take for each reference frame in 

HG. 7 is an illustration of a video screen showing the ™, h tape i ?"? by . eli[ninalin g ,he ° eed . »■* 

digitized video to be edited on the electronic editing system ?? • * '° & 1- ^ ^ f ° r 

of the invention creating a log of video playing particulars. Other telecine 

systems may be used, however, depending on particular 

DESCRIPTION OF THE PREFERRED 10 applications. 

EMBODIMENT Transfer from film to tape is complicated by the fact that 

D-r-^_» .„ no * .l • . , .... nlm and video P la y at different rates — film plavs at 24 

Refemng to FIG 1, there is shown the electronic editing frames per second (fps), whereas PAL video plays at 25 fas 

X^J^At^ tmCR J-?* hyi - 12 ' and N^ 50 (Nations Television Standard c£5Z 
14 for displaying digitized film during an editing session, video plays a 29.97 fas. If the film is shot at the standarf rate 

/ aymg dtgiuze d audio during an editing difference between the film and video play ratesislaig? ano 
tSSL&ii P f aU K, 10 T m 16 , iK a " *» iMU * u "^P«abIe). As a result, they film speed nU be 
,, ^ r ?^'^f m 3£ a ,? \ «* Bted ,0 accommodate the fractional tape speed, and 

wh,ch a rir : 't hf ?™ dn, A 90 ?- °' Quadra 95 ,° a " ° 20 »™ nlm frames must be duplicated during Ihe trans er so 
which are available from Apple Computer, Inc., of Ui at ^th versions have the same duration. However, if the 

r ^ SySt T m ^ 3 V*°.T ^ eC ° rder fito * at 29 97 then transferring the fooUge to 
rtSSiZZSSZ ft^T 0 " ^ fltofi r^ NTSC video is simple. Each film frame Aen transferred 

digital converter (A/D) 26. A timing circuit 28 controls the film and video frames per second, 

speed of the video being digitized, as described below A <■» -j • ... 

video compressor 30 is connected to the video A/D for ^Zl^^^Z^T' 2* 5? ^ 

compressing the electronic image data to be manipulated by ^ , ^ NTSC videotape, the telecine 

the »mpu.er 18. An audio A/D 22 and audio processor 24 ^ ^ 3 ^ «? ^ I 1 * ^ »*> 

process audio information from the electronic version of M LSt^n?^^.f BB ^, ( ^ ,, S ,be 

film footage in parallel with the video processing. Disc 30 f^Z^ZT, I 1° ,° f n . orma l film ^ to 

storage 32 communicates with the computer to provide f 29^^eTZX TS^^f^JK" 

memorystorageordigitizedelectronicimagedata.Thisdisc Ltal?i££ ^ *T . illustrate the frame 

storage may be optical, magnetic, or some other suitable S£^Ej£EE' • ? ^ d *«garding 

media. The editingsystem is^r-interfaced via a keyboard „ t ^kZtZ^ZT^T^ ° £ * «f 

34 or some omer stable user control interface. » SSKS^i^^JS^ 

In operation, video and audio source matenal from a film ing one second of video would require 30 frames of footage, 

which has been transferred to a videotape is received by the To accommodate this discrepancy, the telecine process 

system via the video tape recorder 20, and is preprocessed duplicates one film frame out of every four as the film is 

and digitized by the audio A/D 22, audio processor 24, video m transferred to tap e, so mat for each second of film footage, 

A/D 26, and video compressor 30, before being stored in the the corresponding second of tape includes six extra frames. 

* ^ C ° mPU fi ' ? r^™ 6 ?,' 0 ^ P ! ay ^ Each ^ &ame g««ated by the telecine process is 

S^nT^ 0 7 3 15 ° f ^ CRT l 12 3n , d Pl3y actua «y a ""W** <* lw ° W° tete: an odd field^ch 

& . s 0 "™™* 0 on . lhe ^ isascanof the^oadlineson a video screen, and an even field. 

o^ U C^T2Tn a d eJit^nTaS - ^Tn 3 « Jff !f ~ "T ^ « «— - 

SintS ^ 1 * ha ' "L ^ Cd !! ^ -en'Tcrea,^, ^ fr^m^sedS 

update mformation, and commands input from the keyboard ^ ^ M fieU or f ^ dd ^ 

32 are typically displayed on the second system CRT 14. by „ even field> or ^ n of (he eve^^ ^ wSI 

Once a film is mput to the system, a film editor may 5 o duplicate video frame is generated and added in the telecin 

electronically edit the film using the keyboard to make edit process, duplicate video fields are actually created During 

decsion commands. As will be explained in detail below, play of the resulting tape, each two video fields are inter- 

Ihe electromc editing system provides the film editor with laced to make a single frame by scanning of the odd lines 

great flexibility, in that the video displayed on the system (field one) followed by scanning of the even lines (field two) 

CRT 12 may be measured and controlled in either the 55 to create a complete frame of NTSC video 

fl to J?? ,age °V b6 d ° m3i ? ° f Wde0 ' ape dm6 There are ,wo P° ssible s y slems &»' creating duplicate 

SS^S? flexftdity provides many advantages over prior video fields in the telecine process, those sys^ms being 

electronic editing systems. At the end of an editing session, klK) wn as 2-3 pulldown and 3-2 pulldown. The result of thf 

the electromc editing system provides the film editor with an 2 -3 pulldown process is schematically illustrated in FIG 2 

edited videotape and both tape and film edit command lists « l n a film-tape transfer using 2-3 pulldown the first 1 Sim 

for effecting the edits from the session on film or videotape. frame (A in FIG. 2) is transferrer to 2 video fields AA of the 

As explained above, the electronic editing system 10 first video frame; the next film frame B is transferred to 3 

requires a videotape version of a film for electronic manipu- video fields BBB, or one and one half video frames, film 

lation of that film. Such a tape is preferably generated by a frame C is transferred to two video fields CC, and so on! This 

standard film-tape transfer process, the telecine process, 65 2-3 pulldown sequence is also referred to as a SMPTE-A 

which preferably uses the Time Logic Controller™ telecine transfer. In a 3-2 pulldown transfer process, this sequence of 

(TLC), a device that converts film into a video signal, then duplication is reversed; the first film frame A would be 
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mapped to 3 video fields, the next film frame B would be ing to the audiotrack and produces a timecode based on a 

mapped to 2 video fields, and so on. This 3-2 pull down synchronization of the audio and video Then an Evertz PC 
sequence is also referred to as a SMPTE-B transfer. In either 44 produces an Evertz FTL 46 which includes the sync point 

case, 4 frames of film are converted into 10 video fields, or information defined above. * * 

5 frames of video footage. When a 2-3 pulldown sequence c „ ~ A .„ . . , „ 

is used, an A, B, C, D sequence in the original film footage r FIG " 4 ,,lustrales a tv P lcal FTL 46. Each column 

creates an AA, BB, BC, CD, DD sequence of fields in the of lhc . log ' SP^^ w,th a unique Record #, corresponds to 

video footage, as shown in FIG. 2. The telecine process on . e cli P". or s**™ 0D tDe v ideo. Of particular importance in 

slows down the film before the frame transfer and duplica- lhis ,0 S * the VideoTape Time Code In (VTTC IN) column 

lion process, so that the generated video frames run at 29.97 50 and VideoTape Time Code Out (VTTC OUT) column 52. 

fps. 30 For each scene, these columns note the video time code of 

Referring to FIG. 3, as discussed above, the telecine 36 tne scene ^ finish. In a corresponding manner, the 

produces a video signal from the film; the video is generated Keyin column 54 and Keyout column 56 note the same 

to run at 29.97 fps and includes redundant film frames from points in film footage and frames. The Pullin column 58 and 

the pulldown scheme. NAGRA™ audio timecode is the Pullout column 60 specify which of the A, B, C, or D frames 

typical and preferable system used with films for tracking 35 in the pulldown sequence correspond to the frame at the start 

the film to its corresponding audiotape. During the telecine of the scene and the close of the scene. Thus, the FTL gives 

process, a corresponding audio track 38 is generated based scene sync information that corresponds to both the video 

on the NAGRA™ and is slowed down by 0.1% so that it is domain and the film domain, 

synchronized to the slowed film speed. The sound from the tk. .~ • j-.- * . . 

film audiotrack is provided at 60 Hz; a timing reference 40 20 electromc editmg system of the invention accepts a 

at 59.94 Hz slows the audio down as required. Thus the ™f° lape P rodu f d bv * e leleciDe P^ss and an Evertz 

telecine process provides, for recordation on a videotape 48 * U stored on, for example, a floppy disk. When the FTL 

via a videotape recorder 20, a video signal (V in the figure) on ' isk K enlered mt0 system, the system creates 

corresponding audio tracks, Aj-A^ and the audio timecode ? corresponding bin in memory, stored on the system disc, 

(audio TQ. ^ m analogy to a film bin, in which film clips are stored for 

A further film-tape correspondence is generated by the editing. The electronic bin contains all fields necessary for 
telecine process. This is required because, in addition to the ^ editin g, all comments, and all descriptions. The par- 
difference between film and video play rates, the two media Oculars of the bin are displayed for the user on one of the 
employ different systems for measuring and locating foot- system's CRTs. FIG. 5 illustrates the display of the bin. It 
age. Film is measured in feet and frames. Specific footage is ^ correspond directly to the Evertz FTL. The "Starr and 
located using edge numbers, also called edge code or latent "End" columns of the bin correspond to the VideoTape Time 
edge numbers, which are burned into the film. For example, Code In and VideoTape Time Code Out columns of the FTL. 
Kodak film provides Keykode™ on the film to track footage. ^ <<KN Sta rt" and "KN End" columns of the bin corre- 
The numbers appear once every 16 frames, or once every spond to the Keyin and Keyout columns of the FTL. During 
foot, on 35 mm film. The numbers appear once every 20 35 f n c ^iting session, the bin keeps track of the editing changes 
frames, or every half foot, on 16 mmn film. Note that 35 mm m °° m me video time-base and the film footage-base, as 
film has 16 frames per foot, while 16 mm film has 40 frames described below. Thus, the bin provides the film editor with 
per foot. Each edge number includes a code for the film tne flexibility of keeping track of edits in either of the 
manufacturer and the film type, the reel, and a footage metrics. 

counter. Frames between marked edge numbers are identi- ^ Referring again to FIG. 1. when the electronic editing 

fied using edge code numbers and frame offsets. The frame system 10 is provided with a videotape at the start of a film 

offset represents the frame's distance from the preceding editing session, the videotape recorder 20 provides to the 

edge number. computer 18 the video and audio signals corresponding to 

Videotape footage is tracked and measured using a time- the bin. The video signal is first processed by a video A/D 
base system. Time code is applied to the videotape and is 45 coprocessor 26, such as the Nu Vista board made by True- 
read by a time code reader. The time code itself is repre- Vision of Indianapolis, Ind. A suitable video coprocessor 
sented using an 8-digit format: XX:XX:XX:XX— includes a video frame grabber which converts analog video 
hours:minutes:seconds:frames. For example, a frame occur- information into digital information. The video coprocessor 
ring at 11 minutes, 27 seconds, and 19 frames into the tape has a memory which is configured using a coprocessor such 
would be represented as 00:11:27:19. 50 as the TI34010 made by Texas Instruments, to provide an 

It is preferable that during the telecine conversion, a log, output data path to feed to the video compression circuitry, 

called a Film Transfer Log (FTL), is created hat makes a such as JPEG circuity, available as chip CL550B from 

correspondence between the film length-base and the video C-Cube of Milpitas, Calif. Such a configuration can be 

time-base. The FTLdocuments the relationship between one performed using techniques known in the art. A timing 

videotape and the raw film footage used to create that tape, 55 cu *cuit 28 controls the speed of the video signal as it is 

using so-called sync points. A sync point is a distinctive processed. 

frame located at the beginning of a section of film, say, a In operation, the video A/D 26 processes the video signal 

clip, or scene, which has been transferred to a tape. The to reformat the signal so that the video represented by the 

following information documents a sync point: edge number signal corresponds to film speed, rather than videotape 

of the sync point in the film footage, time code of the same do speed. The reformatted signal is then digitized, compressed, 

frame in the video footage, the type of pulldown sequence and stored in the computer for electronic film editing. This 

used in the transfer, i.e., 2-3 pulldown or 3-2 pulldown, and reformatting process allows users to provide the editing 

the pulldown mode of the video frame, i.e., which of the A, system with standard videotapes, in NTSC format, yet 

B, C, and D frames in each film five-frame series corre- allows the video to be edited as if it were film, i.e., running 

sponds to the sync point frame. 65 at film speed, as is preferred by most film editors. 

As shown in FIG. 3, an Evertz 4015 processor accepts the Referring also to FIG. 6, in this reformatting process, the 

video signal from the telecine and the audio TC correspond- speed of the video from the videotape is increased from 
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rnr 7 ^^„^^^ ed -I^ ,toiDgCir ? , i ,ty ? 8 ™ e second type, episodic film, involves 

(FIG. 1). Then the fields of the video are scanned by the shooting on either 35 or 16 mm film, and producing an 

m^™^^ 00 *Z P T T^t™ f" P i lld r D NTSC video,a P e versi0D and additionally, an (optional) 
mode specified for each scene by the bin, the redundant edited film version for distribution in markets such as HDTV 

h%2^^^'^^ V ^FJ^&^ 5 (Hi8h Definiti0n Telev ^n) or foreign countries. To pro- 
ignored, while the other, nonredundant, fields are digitized duce the edited film footage for the film version the film is 
and compressed into diptal frames More specifically, a transferred to videotape using the telecine process, and 
^^Z fu* f?' Md J°l "* SeqUeDCe ° f ^ctronicediting of the film is here preferably accomphshed 
video fields; those fields which are redundant are assigned a based on film footage, and should produce a cutlist based on 
capnire value o J wMe all other fields are assigned a film footage specifications, from which SiSdSEm? 
capture value of "1". The system coprocessor reads the 10 cut and transferred to ihe NTsr fnr m ,. tvT„ J ^ 
entire capture mask and only captures those analog video Z L „ T^Zi format To produce a video 
fields corresponding to a «1» capture value ienorinTall f °- ? deo,a Pf ,s . ,nen Preferably edited based on 
other fields. In this way, the cJS^^SSLt ^J^'T^^ *° EDL f ° r ^ 
reconstmcted from the video frame sequence. One* all the mg ™ f^f^ 0 VWS10D - 

nonredundant fields are captured, the fields are batch digi- " . Uurd fi .™ Production type, feature film, typically 

tized and compressed to produce digitized frames. involves shooting on 35 mm film, and produces a final film 

Assuming the use of the 2-3 pulldown scheme, as dis- Product; thus electronic editing is here preferably based on 

cussed above, in the capture process, the first two analog ™ foota 8 e specifications to produce a cutlist for creating a 

videofields(AAinFIG.6)wouldeachbeassignedacapture final film version. 

value of"l", and thus would be designated as the first digital 20 The user interface of the electronic editing system is 

frame; the next two analog video fields BB would also each designed to accommodate film editors concerned with any of 

be assigned a capture value of "1", and be designated as the the three film production types given above As shown in 

second digital frame; but the fifth analog video field B, FIG. 7, the video display CRT 12 of the system which 

which is redundant, would be assigned a capture value of includes the source video window 36 and edited video 

0" , and would be ignored and so on. Thus, this process a window 38, displays metrics 37, 39 for tracking the position 

ZTf!"^ 6 .l*^ u he 1? leciDe 0f &ames in a a* 06 science currendy being played 

S^/h- v / SC T d . b °V^ Vlde0 ' P ro - » tte source window or me edit window. These metrics may 

t^2?t?ZLT™T 0 ?Z bl *F n ^^^ be M either fi,m fo rmat or video time code format! 
to the 24 fps film from which the video was made. This . whichever is preferred by the user. Thus, those film editors 

processispossiblefore.therthe2-3or3-2pulldownscheme „ who prefer film footage notation may tTthat domS 

£3 tZ* "^'7 J ***** V to dis - while "those film editor! who prefer video toecS noS 

I Tt R C Z n T f emeS ' ^ Startm f g ffame m ,ha " domain - ,n eith « «>* digi'^ frames 

(lc^A, B, C, or D) of either sequence is grven for each correspond exactly with the 24 fps speed of the original 

A " A . . .. . , source film, rather than the 29.97 fps speed of videotape, so 

AppendK Aof mis application consists of an example of 35 that the electronic edits produced by the electronic editing 
^ ^n,n 8Uage Macintosh™ ""P"^ and correspond exacdy with the film edits, as if the film were 

the n 34010 coprocessor for performing the reformatting being edited on an old-style flat bed editor 

£^d * C ° Pyrighted ' «* aU "W*^ m As an example of an editing session, one scene could be 

D-r- • . . , ,. selected from the bin and played on the source window 36 

Referring agam to FIG. 1, an audio A/D 22 accepts audio 40 of the system CRT display 12. A film editor could designate 

„T "a ^ e ?' a P? in P ut 10 ** ed j'*g system and like the frame points to be moved or cut in either timecode or film 

video A/D 26, increases the audio speed back to 100%, footage format. Correspondingly, audio points could be 

based on the command of the timing circuitry 28. The audio designated to be moved or the audio level increased (or 

is digitized and then processed by the audio processor 24, to decreased). When it is desired to preview a video version of 

provide digitized audio corresponding to the reformatted and «5 such edits, an NTSC video is created by the system based on 

digitized video At the completion of this digitization the sync information in Ihe electronic bin, from the system 

process, the editing system has a complete digital represen- disc storage, to produce either a soiled rough cut video 

£TJ ? . SS. « r T iU '"tr 2 t foS ' and b f ° r 8 fiDal version In ,his P"*^ ^ Spates 

created a bm with both film footage and video timecode an analog version of the digital video signal and restores the 

information corresponding to the digital representation, so 50 redundant video frames necessary for producing the NTSC 

that electronic editing in either time-base or footage-base video rate. The system also produces a corresponding analog 

may begin. audio |rack aod ^^3^ , ne audio speed M (ha , |he audio 

There are traditionally three different types of film pro- is synchronized with the video. In this way, the system 

ductions that shoot on film, each type having different essentially mimics the telecine process by slowing down Ihe 

requirements of the electronic editing system. The first film 55 video and audio and producing a 29.97 fps videotape based 

production type, commercials, typically involves shooting on a 24 fps source. 

on 35 mm film, transferring the film to a videotape version Referring again to FIG. 1, in creating an NTSC video 

usmg the telecine process, editing the video based on the from a digitized film version, the video compessor 30 

NTSC standard, and never editing the actual film footage, retrieves the digitized video frames from the computer 18 

which is not again needed after the film is transferred to 60 and based on the electronic bin information, designates 

video Thus, the electronic editing is here preferably based . video fields. The video A/D 26 then creates an analog 

^Jfi^L'r 6 ^ ^ ifi ?' i0nS * r n ° l u. film f00,age Version of ,he video frames and Processes the frames using 

specifications, and an NTSC video is preferably produced at a pulldown scheme like that illustrated in FIG. 2 to introduce 

the end of the edit process. The electronic commercial edit redundant video frames. The video speed is then controlled 

should also preferably provide an edit decision list (EDL) 65 by the timing circuit 28 to produce 29.97 fps video as 

that refers back to the video; the edited version of this video required for an NTSC videotape. Correspondingly, the svs- 

ty P ,ca "y wnal 15 actua "y P' a y ed 35 tbe fin"' commercial. tern audio process 24 and audio A/D 22 processes the digital 
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audio signal based on the electronic bin to generate an 
analog version of the signal, and then slows the signal by 
0.1% to synchronize the audio with the NTSC video. The 
final video and audio signals are sent to the videotape 
recorder 20, which records the signals on a videotape. 

The electronic editing system may be programmed to 
produce an edit listing appropriate to the particular media on 
which the finalized version of the film source material is to 
appear. If the source film material is to be finalized as film, 
the system may be specified to produce a cut list. The cut list 
is a guide for conforming the film negative to the edited 
video copy of the film footage. It includes a pull list and an 
assemble list. The assemble list provides a list of cuts in the 
order in which they must be spliced to together on the film. 
The pull list provides a reel-by-reel listing of each film cut. 
Each of these lists specifies the sync points for the cuts based 
on film footage and frame keycode, as if the film had been 
edited on a flatbed editor. If the source film material is to be 
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finalized as video, the system may be specified to produce an 
edit decision list (EDL). The EDL specifies sync points in 
video time code, as opposed to film footage. The editing 
system generates the requested edit lists based on the 

5 electronic bin; as the film is electronically edited, the bin 
reflects those edits and thus is a revised listing of sync points 
corresponding to the edited film version. Because the bin is 
programmed to specify sync points in both film footage and 
video timecode, the editing system has direct access to either 

10 format, and can thereby generate the requested EDL or 
assemble and pull lists. Appendix B consists of examples of 
an EDL, assemble lists, and pull lists, all produced by the 
electronic editing system. Thus, at the end of an electronic 
film edit, the editing system provides a film editor with an 

15 NTSC videotape of the film edits and edit list for either film 
or videotape. 

Other embodiments of the invention are within the scope 
of the claims. 



APPENDEX A 



* The following programs arc the sole property of Avid Technology, Inc., I 

* { and contain its proprietary and confidential information. 

* I Copyright © 1989-1992 Avid Technology, Inc. j 
* V : / 

* Module Name: mfm__allocate.c 

* Module Description: 
V 

#include M mfm_a]locale.h" 
^include "AvidGlobals.h M 
#inchide "expansionDefs.h" 
tinchide "Linklist.h" 
^include "mfm.h" 
tfnetude M disk_mac.h" 
#inchide M memrtns,h" 
#inch)de "Digitize.h M 
#incrude "LogicalToPhysicaJ.h** 
tfnchide "channel.h" 
#incrude "ResourceBiblch** 
#indude "env.h** 
tfinctode "uidh" 
tfnchide "MacUtils.tT 
#inchide M DcbugUlils.h" 
#incrude "VolumcMcnu.h" 
#includc "JPEGUtils.h" 
#include "Exception, h" 
#inchide "dialogUtils.1T 
^include "FSutils.h" 
#include "BaseErrorDefs.tr 
include "autorequesLh" 
^include "Resource Dcfs.h" 
^include "videoDefs.h'* 

#define BREATHING ROOM 200 /• KB to leave for directory expansion •/ 
Wefine DIG_MODE 1 
^define LOG_MODE 2 
typedef struct 
{ 

MFM_CRUX crux; 
short vRef; 
channel_t channel; 
long bytesPerSec; 
long blocksTb Alloc; 
long blockSize; . 

} mfm_a!loc_l, 

• mfm_alloc_ptr, 

• • mfm__alloc__hdl ; 
/••••• Static Variables •••■•/ 
static lislID 
static o_long 
static char 
static Flype_l 
static float 



alloc - NIL; 

ApproxFramcSize » JL; 

theCapMode - DIG_MODE; 

theFtype - 0; 

IheCapRate = 0; 



// DIO_MODE, LOG_MODE 
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APPENDEX A-conti nued 

sialic MFM_CRUX theVcrux -0; ~~ // When these are zero the cruxes arc clo. 

static MFM_CRUX theAlcrux -0; 

static MFM_CRUX tbeA2cnix -0; 

static sbon theVvref - BAD_VR£FNUM, 

theAvrcf - BAD_VREFNUM; 

static long thcSampsPcrScc - 0; 

theBytesPerSamp - 0; 

static long iheTimeAvaii -0; // the minimum of Ihe limes available in 

sialic videoFormat_t iheVideoFonrat - PAL_f; // mor e likely to catch bugs by initing L 

sialic sourccFormat_t iheSourceFormal - VIDEO_£ 

sialic videoType_t IheVideoType - {8, vMHiResHiColor}; // HACK for now 

static capture_mask_t IheCaplureMask - 0L; 

static capture_maslc_l theResullMask - 0L; 

static u_char thcCapShifl * 0; 

sialic u_char iheResullShifl -0; 

static chanael_t theChannels - 0; 

static audioClock.. t theAudiodock - aock44100; 

static audioRate_t theAudioRate - halfRate; 

static Boolean thcAudioMixed - FALSE; 

static Boolean use Emptiest Video -TRUE; 

useEmptieslAudio -TRUE; 
/****• Defined Below **•**/ y 

static void setVinfo( Flype_t Ftype, capturc_mask_t captureMask, u_char captureShift, float capta 

static void amMItem2Val( short nritem, audioClock_J •audioClock, audioRate_t ♦audioRate, long *aud 

static MFM_CRUX mfaAJlocCreate(long bytesPerSec, short vref, channel_l channel, Boolean prefliahtV 

static void mfaAllocCalc(Boolean preftight); 

static void mfaAllocEndfvoid); 

static void mfaAllocPuni(void); 

sialic long TotalBytes(short the Vref); 

static void check VolumeSettings( void); 

sialic videoModifier_t getVideoModiner(short iQuality, short cQuality); 

•••••••••••••••■••/ 

/**•* Public Code ••••/ 

.....•........«•.«..••, 

/•••••• * •*•**• • 

• mfaSetSettinqs 
7 

Boolean mfaSetSettings( channcl_l chans, float capRate, u_char phase, 

audioClock_t audicOock, audioRate_t audioRate, Boolean audioMixed, 
^ short Vvref, short Avref, videoType_l video_lypc) 

Boolean needsReinit; 
mfaForgetFiles (OUT_JUX); 
needsReinit - FALSE; 

if(:CksumValid[cl^44khz]&& audioRate - fullRale) 

audioRate - halfRate; 
if(:CksumValid{cX_48kh2D 

audioClock - Clock4410G; 
if (theCapMode - DIG_MODE && (theChannels !- chans |] 
the CapRate !- capRate 0 
theAudioClock !- audioClock {| 
theAudioRate !- audioRate Q 
thcAudioMixed 1- audioMixed)) 

needsReinit - TRUE; 

r 

Set the mfm_nllocate statics 

r 

theChannels - chans; 
IheCapRate - capRate; 

the AudioQock - audioClock; 
theAudioRate - audioRate; 
theAudio Mixed - audioMixed; 
theVvref - Vvref; 

theAvrcf - Avref; 

useEmpliest Video - (the Vvref — BAD__VREFNUM); 
useEmptieslAudio - (the Avref — BAD_VREFNUM); 
xprotcd 

{ 

check VoIumeSettings 0; 

xexception 
{ 

if (Jxcode Equals (M FA_NO_M EDIA_ DR fVES)) 
xpropagateO; 

auto_requestCYou will nol be able digitize until a valid\nmedia volume is placed online.", "OK", 1); 
xend; 
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/* 



Setup video capture node info 



switch( (tot) (theCapRateMO)) 

case 240: 
if( phase - 0) 

setVinfo (FULL, 0xD8000000L, 0, 24.0, 0x80000000 L, 0); 
else if( phase — 1) 

setvinfo (FULL, 0xB8000000L, 0, 24.0, 0x80000000L, 0>, 
eke tf( phase — 3) 

setVinfo (FULL, 0x78000000 L, 1, 24.0, Ox80000000L, 0>, 
else 

setVmfb (FULL, OxEBOOOOOOL, 0, 24.0, Ox80000000L, 0); 
break; 
case 120: 
if( phase — 0 |j phase — 1) 

setVinfo (FULL, Ox48000000L, 2, 12.0, Ox40000000L, 1); 
else 

setVinfo (FULL, 0x28000000 L, 2, 12.0, Ox40000000L, IV, 
break; 

setVinfo (FULL, 0x08000000 L, 4, 6.0, Oxl 0000000 L, 3); break; 
setVinfo (FULL, 0x80000000 L, 0, 30.0, OxSOOOOOOOL, 0); break; 
setVinfo (FULL, 0x40000000 L, 1, 15.0, 0x40000 000 L, 1); break; 
setVinfo (FULL, 0x20000000 L, 2, 10.0, 0x2 0000000 L, 2); break; 
setVinfo (FULL, 0x80000000 L, 0, 25.0, Ox80000000L, 0); break; 
setVinfo (FULL, Ox40000000L, 1, 115, Ox40000000L, 1); break; 
setVinfo (FULL, 0x08000000 L, 4, 5.0, OxOSOOOOOOL, 4); break; 



// 1101 


Ixxx 


,4 ou 


// 1011 


J XXX 


,4 ou 


//0111 


Ixxx 


,4ou 


// 1110 


lxxx 


,4ou 


//0100 


lxxx 


,2ou 


//0010 


Ixxx 


2 ou 



case 60: 
case 300: 
case 153: 
case 100: 
case 250: 
case 125: 
50: 



// 0000 Ixxx ,1 ou 
c xxxx ,1 ou 



} 

theSourceFormat = sourceFonnat; 

theVideoFormat - videoFormat; 

theVideoType.vcID = gVideoType.vcID; 

the V1deoType.videoModifier - video_type.videoModifier, 

SetDigiUzcCaptureMask (theCaptareMask, theCapShift); 

t* 

Setup audio capture mode info 



// Ixxx : 
// Olxx xxxx ,1 ou 
// OOlx xxxx ,1 ou 
// Ixxx xxxx 
// Olxx ; 
// 0000 Ixxx 



,1 ou 
,1 ou 
,lou 



// Get it from global no 
// Get it from global no 
// Get it from global no 



*/ 

theSampsPerSec ■ 
theBytesPerSamp • 
return ncedsReinil; 
} 



((audioRate 
(audioRate • 



* Addresses of hardware registers: 


divect 


•set 


OfffffeaOh 


dpytrap 


set 


OfffffeaOh 


mode 


sd 


0f8600000h 


status 


.set 


0f8290000h 


vsblnk 


.set 


0c0000060h 


vtotal 


.set 


OcOOOOOTOh 


dpyctl 


.set 


OcOOOOOBOh 


dpyslrt 


.set 


0cOOO0090h 


dpyint 


.set 


OcOOOOOaOh 


control 


.set 


OcOOOOObOh 


hstctll 


.set 


OcOOOOOfOh 


intanb 


.set 


OcOOOOllOh 


intpend 


.set 


ocoooonoh 


convsp 


.set 


0c0000l30h 


convdp 


.set 


0c0000140h 


psize 


.set 


0c0000150h 


pmask 


.set 


0c0000160h 


pmaskext 


.set 


0c0000l70h 


• Constants ar 


d masks: 




msginmsk 


.set 


000 7h 


msgoutmsk 


.set 


0070b 


msginisave 


.set 


0002h 


msgindbg 


jset 


0007h 


msgintmsk 


.act 


0008h 


msginf2 


.set 


0003h 


msgoutisavc 


.set 


0020h 


msgoutdbg 


.set 


0070h 


msgoulfZ 


.set 


0030b 


msgoutinc 


.set 


OOlOh 


in tin 


.set 


OOOSh 


in tout 


.set 


0O80h 


ctimsk 


.set 


801 fh 


di 


.set 


10 


dispint 


.set 


l«di 


ni 


.set 


14 


not in ten 


.set 


l«ni 


ce_bit 


.set 


8000h 


di 


.set 


10 



- fuilRate) ? (audioaockToClockRate(audioaock)) : (audioCIockToClock) 
> fuilRate ? 2 : 1 ); 



;lhe Display-interrupt vector location 
address of DPYINT trap vector 
;video mode register 
; video status register 
;gsp control registers: 
;totaJ vertical lines 



; Fields in hstctll register 



;intin field in hstctll 



;Mask for the CONTROL register. 

;Bit number of Display Interrupt bit 

;"Display Interrupt" bit of inleab and intpend 

;Bil number of Non Interlaced bit 

;The non-interlaced bit 

;"Capture Enable" bit of video mode register 

;Bit number of Display Interrupt bit 
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APPENDEX A-continued 



special 


set 


2000000b 


palLincs 


set 


576 


ntscLines 


set 


480 


rowbasc 


set 


OfBOOOOOOh 


traps 


.set 


OfffffcOOh 


mac rows 


.set 


480 


vrows 


.set 


palUnes+8 


crows 


.set 


palLines/2 


maxField 


set 


palUnes/2 


p mem row 


set 


8000h 


NVBLBIT 


set 


4 


cpilch 


set 


4000h 


dpShift 


set 


14 


pixsize 


set 


16 


pstride 


.set 


64 


cmdNonc 


set 


0 


cmdPlay 


set 


1 


cmdPack 


set 


2 


cmdUnpack 


set 


3 


cmdShow 


set 


4 


cmdFull 


set 


5 


cmdBigPack 


set 


6 


cmdBigUnpack 


set 


7 


cmdUnpackAdd 


set 


8 


cmdUnpack!6 


set 


9 


cmdPackl6 


set 


10 


vramBasc 


.used "vectors"^ 


framcBuf 


.used 


: "vectors",32 


bigBuf 


.used 


; "vectors"^ 



;Of£set for special JPEG hardware fifo "memory space" 

;Number of lines in a frame 

;Number of lines in a frame 

;row table main picture starting address 

address of trap page 

;mac row table entries 

;video rows in row table (incl color table & PAL) 

; Maximum # lines in a field (pal is larger) 

; maximun #of lines in a field 

;)ength in bits of physical memory rows 

;Not Vertical Blanked - bit position in video status reg 

;pitch of MAC (1 6-bit pixel) lines (2 kB) 

;Shifting a number by this multiplies by dpitch 

;Pixel size constant for "psize" register 

;Number of bits between pixel "hits" in output image 

;undc fined command code 

; normal multi-frame playback to alternate screen buffer 

;(UNSED in FullRcs)Pack 256*192 image 

;unpack still frame to vcopy double buffer area (decompress) 

junpack and show a still frame in main screen buffer 

;full-screen playback on an NTSC monitor 

; pack a 640x480 image 

; unpack an image to 640*480 

; unpack and combine an image 

; unpack a 16 bit frame in 32 bit mode 

; pack a 16 bit frame in 32 bit mode 



* Routine to sync to an odd field: 
syncodd: 



move 


*Rstatp,Rtemp 


btst 


0,Rtemp 


jrnz 


si 


move 


•Rstatp^temp 


jrnz 


si 


move 


*Rstatp,Rtemp 


btst 


0,Rtemp 


jrz 


s2 


move 


*Rstatp,Rtemp 


btst 


OJttemp 


jrz 


s2 


rets 





* Routine to sync to an even field: 
synceven: 



s4 



•Rstatp,Rtemp 
0,Rtemp 
s3 

•Rstatp^temp 
0,Rtemp 
s3 

*Rstatp,Rtemp 
O^Rtemp 
s4 

*Rstatp,Rlemp 
0>Rtemp 



move 
btst 
jrz 
move 
btst 
jrz 
move 
btst 
jrnz 
move 
btst 
rets 
MEMORY 
{ 

MAPPE2: 
NOMAP: 
JSTATi 
VEC: 

} 

SECTIONS 
{ 

vectors: 
args: 
.data: 
.text: 
jstatus: 

.title "VISTA image capture and compress" 



origin 
origin 
origin 
origin 



-OffdOOOOOh, 
- OfffDOOOOh, 
■ O(b800000h, 
. OffffdOOOh, 



length ■ 
length ■ 
length • 
length ■ 



200000h 
0c8000h 
16 

OOOlOOh 



{} > VEC 
{} > NOMAP 
{} > NOMAP 
{} > MAPPE2 
{} > JSTAT 



" | The following programs are the sole properly of Avid Technology, Inc., 

* | and contain its proprietary and confidential information. 

* j Copyright © 1989-1992 Avid Technology, Inc. 

* V , 



* General register names: 
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APPENDEX A-continued 



Ricmp 


.set 


AO 


Rpixcnt 


.set 


Al 


Rpixcl 


.set 


A2 


Rpxincl 


.set 


A3 


Rpxinc2 


.set 


A4 


Rline 


.set 


A5 


Rpixtmp 

r r 


.set 


A6 


Rjstatp 


.set 


A7 


Rx 


.set 


A8 


Rnext 


.set 


A9 


Rstatp 


.set 


A10 


Rblack 


.set 


All 


Rtemp2 


jet 


A12 


R13 


.set 


A13 


R14 


.set 


A14 


Saddr 


■set 


BO 


Sptch 


jet 


Bl 


Offset 


jet 


B4 


Bxv 


^et 


B7 


Rlincnt 


jet 


B9 


Ry 


jet 


BIO 


R capture 


jet 


Bll 


Rloadcap 


jet 


B12 


RB13 


jet 


B13 


RB14 


jet 


B14 


pixmsk 


jet 


8000h 


spitch 


jet 


8O00h 


jstatus 


.copy 


M equates.i" 


.uscct 


"jstatus"! 6 


• Args TO 
in item 


<- and FROM -> thi 
.usect "args" r 32 


capmsk 


.used 


4 'args ,, r 32 


overrun 


.usect 


"args",32 


frames 


.usect 


M args"^2 


tdummyl 


.usect 


"args'\32 


tdummy2 


.usect 




rx 


.usect 


"args"^ 


ty 


.usect 


"args"^ 


tstridel 


.usect "args",32 


tstride2 


.usect 


•*args",32 


tdelay 


.usect 


"args M ,32 
"caprureMac 




.copy 


.data 






stack: 


.bcs 


4000h 



.page 




.text 




.align 




Flag: 




.long 


0 ; 


Dat: 




Jong 


OjOAOAOAO ; 1 


• Start of i 


main program 


.def 


_jnain 


_main 




self 


16,0,0 


self 


32,0,1 


mov! 


stack, sp 


movi 


spitch^ptch 


move 


Sptch,Rline 


movi 


pixmsk^temp 


move 


Rtemp,@pmask 


move 


Rtemp,@prnaskext 


movi 


j'status+8,Rjsiatp 


clr 


Rpixtmp 


movi 


status,Rstatp 


* Clear DONE and wait for GO: 


clr 


Rtemp 


movb 


Rtemp,@hstctll 


hosths: 




movb 


@hstcUl,Rlemp 


andi 


msginmsk,Rtemp 


jrz 


hosths 


movi 


msgoutimc,Rtcmp 


move 


Rtemp,@hstctll 


" Get some host args into regis Lei 


move 


@tx,Rpixcnt,l 


move 


@ty,Rlincnt,l 


move 


@tstride33pxincl F l 


move 


@tstride2Jtpxinc2,l 



;Temp register 

; Constant Pixels per line 

; Pointer to current input pixel 

; Constant # of bits to increment Rpixcl to next input pixel 
;Altemate Constant to increment Rpixel to next input pixel 
:Constant Pitch of an input line in bits (same value as Sptch) 
;Temp register for writing to pixel locations 
;Constant pointer to JPEG ftfo s 
;Counter of pixels in a line 
;Pointer to next input line 
;Constant pointer to video status 
;Pointer to a black pixel 



; Source pixel array starting address 

; Source pitch (# of bits from one line to next) 

;Base address of source pixel array 

; Pixel array dimcnsions(rows:corumns) 

;Constant: lines per frame 

; Counter, lines per frame 

;Bit mask: frame skipper 

;Bit mask: used to reinit Rcapture 



'.Constant for "pmask" register (kill alpha chan) 
;Constant for "Sptcb" register (4 kBytes in bits) 

JPEG ftfo status 
e Nu Vista processor 
;<- initial capture mask 
;<- reload capture mask 

V>number of overruns detected (inxted by Mac) 
;->number of frames seen (inited by Mac) 
^fence" arg in other //code <- 
;**fencerr" arg in other /xodc -> 
;<-number of x Iocs to hit 
;«-number of y Iocs (lines) to hit 
;<-stride in bits between input pixel Iocs ' 
;oalt stride in bits between input pixel Iocs 
;<-amount of delay before capturing each line (default - 1) 



;Stack space (2kB) for calls and interrupts 



; Field zero is 16-bit unsigned 

; Field one is 32-bit unsigned 

; Load stack pointer 

; Load contstant number of bits per line 

; Init pixel mask 



; Load pointer to JPEG status register 
; Gear pixel temp 

; Load pointer to video status register • 



;clcar msgout (the DONE bit and interrupt bits) to host 

;read host control register 
;mask message 

;wait for GO signal (any non-zero value) 

;sel indicator to let host know we have started 

;number of stores in x 
;number of lines in frame 
;number of bits between pixels 
;alt number of bits between pixels 
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' For debug, write parameters back to memory: 
movi Dal,Rtemp ;gc t addr of debug dump area 



move 
move 
move 
move 
move 



Rpixcnl,"Rtemp+,J 
@ty,'Rtemp+ > l 
Rpxincl,*Rtemp+,l 
Rpxinc2, - Rtemp+,1 
Rline,*Rtemp+,l 



;y 

stride 1 
^stride 2 



N.B. The x argument (Rpixcnl) MUST be a multiple of 32! 



source pitch in bits (number of bits from one line to the next) 

itcri :.- i r ->»» ' 



Sri 

callr 
move 
on 



move 
move 
movi 
jruc 

black: 
-long 
•align 

skpfram: 
callr 
callr 



5,Rpijicnt 
syncodd 
@mode,Rtemp 
cc_bit,Rtemp 
Rtemp,@mode 
@inilcm,Rcaptun:,l 
©captmskjRloadcap,! 
black-special^Rblack 
frame 

0,0 



;dividc line length (x) by 32 for unrolled loop 
;FIRST TIME: Wait for start of odd field 

,sci the global capture enable bit (begins digitizing) 

;Ioad initial capture mask 

poad value to reinitialize capture mask 

address of black ("0") 



^lign the following code with the I-cache 
;come here to skip capturing a frame 



synceven 
syncodd 

• Attempt capturing a frame: 
frame: 

• Count the frame (N.B. We must count every frame seen, whether captured or skipped)- 
move (Sframes^temp,! 

addk l,Rtemp jcount 
move Rtemp,@fraines,l 

• Decide whether this is a frame we want, based on capture mask: 



sll 1 ^capture 

jmc skpfram 

jrnz mskok 

move RIoadcapJRcapture 
mskok: 

* Prepare for "lines" loop: 
move @vramBase^pixel,l 
subi special,Rpixel,l 

* movi capture-spccial,RpixeI 
move Rpixel,Rnext 
move Rlincnt^ty 



;check next mask bit (it goes to C-bit) 
jskip this frame if C-bit is zero (last active bit guaranteed to be 1) 
;check if need to reload mask bits: yes->feU thru 
;reload the capture mask (32 bits) for next time 



starting address of video frame bufr (Special space) 
; remember address of first line 
;get number of lines in frame 
■ Check video field (s/b ODD from compressing prev frame or from syncodd after hosths or skpfram). 
(N.B. Assumes compression takes more than one field time (-fceth second), but less than a frame time ) 
callr syncevck ;wait for start of even field (Lc. digitizing complete) 

* Add 8 lines of black to the top of the picture: 



movk 
blk 

move 

sll 
loop2b: 

movb 
* move 

Jrnn 
blkloop 

move 

move 

move 

move 

dsjs 



8,Rtemp2 

Rpixcnt^Rx 
5-2,Rx 

•Rjstatp,Rtemp 
RtempXSFlag.O 
loop2b 



;eight groups of one line 

;pixels-pcr-line / 32 
;calc the loop count ( *32* 



/4hits-per-loop) 



jread JPEG pixel fifo status 
;"*debug*" 

;wait until fifo ready (bit7 — 1) 



;each write 



;1 line of pixels 



Rpixtmp,*Rblack,0 
Rpixtmp,*Rblack,0 
Rpixtmp,*Rblack,0 
Rpixtmp,*Rblack,0 
Rx,blkloop 
Rtcmp2,blk 

* Send frame interrrupt to the Mac; 
move @hstctll,Rtemp 
ori intout,Rtemp 
move Rtcmp,@hstctll 

• Start of loop to process all lines of a frame: 
lines: 

Rline,Rnext 
Rpixcnt,Rx 
@ldelay,Rtemp2,l 



auto xfer(s) to JPEG pixel fifo. 



add 
move 
" move 
•loop2d: 

* dsjs 
loop2j: 

movb 

* move 
jrnn 

loop2: 
move 
add 
move 



;get hstctll value 
\&cl interrupt bit 

;send to host to indicate frame start 



;calc addr of next tine 
;(re)load x count (pixels-per-line / 32) 
•4>EBUG 



Rtemp2;oop2d ;DEBUG 

*Rjstatp,Rtemp ;read JPEG pixel fifo status 

Rtemp,@Flag,0 ;"*debug*** 

•oop2j ;wait until fifo ready (bit? — l) 

Rpixtmp,*Rpixel,0 ;this write causes auto xfer(5) to JPEG pixel fifo. 

Rpxinc3,Rpixel ;now advance to next pixel 

Rpixtmp,*Rpixel,0 £ 
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Rprinc2,Rpixel 

Rptxtmp, - Rpixel,0 

Rpxincl,Rpixel 

Rpixtmp/Rpixel,0 

Rpxinc2,Rpixel 

Rpixtmp,'RpixeI,0 

Rpxincl,Rpixel 

Rpixtmp,'Rpixel,0 

Rpxinc2,Rpixel 

Rpjxtmp,*Rpixel,D 

Rpxincl,Rpixel 

Rpixlmp f *RpixcI,0 

Rpxinc2,Rpixel 

Rpixlmp,'Rpixel I 0 

Rpxincl,Rpixel 

Rpixtmp/RpixeU) 

Rpxinc2,Rpixel 

Rpixtmp,«Rpixel,0 

Rpxincl,RpLxcl 

Rpixtmp/Rpixel,0 

Rpxinc2 > Rpixel 

Rpixtmp,*Rpixel,0 

Rpxincl,Rpixel 

Rpixtmp/Rpixel,0 

Rpxinc2,Rpixel 

Rpixtmp,*Rpixel,0 

Rpxincl,Rpixcl 

Rpixtmp,*Rpixel,0 

Rpxinc2,Rpixel 

Rpixtmp,*Rpixcl,0 

Rpxincl,RpixeI 

Rpixtmp,*Rpixel,0 

Rpxinc2jRpixel 

Rpixtmp,*Rpixel,0 

Rpxincl,Rpixcl 

Rpixtmp,*Rpixel,0 

Rpxinc2,Rpixel 

Rpixtmp,*Rptxel,D 

Rpxincl,Rpixel 

Rpixtmp,*Rpixel,0 

Rpxinc2,Rpixel 

Rpixtmp,»Rpixel,0 

Rpxincl,Rpixel 

Rpixtmp,*Rpixel,0 

Rpxinc2,Rpixel 

Rpixtmp,*Rpixel,0 

Rpxiucl,Rpixel 

Rpixtmp,'RpixcIjD 

Rpxinc2,Rpixcl 

Rpixtmp/Rpixel,0 

Rpxincl,Rpixel 

Rpixtmp,*Rpixcl,Q 

Rpxinc2»Rpixcl 

Rpixtmp,'Rpixel,0 

Rpxincl,Rpixel 

Rpixtmp,*Rpixel,0 

Rpxinc2,Rpixel 

Rpixtmp,*Rpixel,0 

Rpxincl,Rpixel 

Rpixtmp/Rpixcl,0 

Rpxinc2,Rpixel 

Rxjoop2 

Rucx^Rpixcl 

RyJIincs 

syncodd 

frame 



add 
move 
add 
move 
add 
move 
add 
move 
add 
move 
add 
move 
add 
move 
add 
move 
add 
move 
add 
move 
add 
move 
add 
move 
add 
move 
add 
move 
add 
move 
add 
move 
add 
move 
add 
move 
add 
move 
add 
move 
add 
move 
add 
move 
add 
move 
add 
move 
add 
move 
add 
move 
add 
move 
add 
move 
add 
move 
add 
move 
add 
dsj 
move 
dsj 
callr 
jruc 

The following routines sync Ihe code to the incoming video fields. 

Note. Since the status register is not synchronized with the 34010 instruction 

dock, we must always check that we get the same reading twice in a row. 

Wait for start of next even field; check to make sure field is already ODD at entry. 
(If we enter here in an even field, it means an OVERRUN has occurred.) 
syncevck: 

s5 move "RsUUp.Rtemp 
btst 0,Rtemp 

j ra 8501 ; if even, go check a second lime; fell thru if odd 

s5ol move •Rstatp,Rtemp 
btst O.Rlemp 



;io 

;12 

;13 

;14 

;J5 

;16 



;18 
;19 

20 

21 

22 



24 

25 
26 
27 
28 
29 
,30 
;3i 
;32 

;loop thru the line 

;load addr of next line to process 

;loop for next line 

;If we're in odd field, it took too long. 
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jrz s5el ; if even, go check a second time; fall thru if odd 

s6 move "Rstatp^Rtemp 

btst 0,Rtemp 

jrnz &6 ; loop as long as it remains odd 

move *Rstatp,Rtemp 

btst 0,Rtemp 

jmz s6 ; make sure we see it the same twice in a row 

rets ; normal successful return at start of an even field 

* come here if we found an even value one time: 

s5el move *Rstatp,Rteinp ; perform second test for even 

btst O.Rlemp 

jrnz s5ol ; jump back if second check is okay (odd) 

* else, fall thru 

* At this point we have an overrun (two evens in a row), so count it 

move @overmn^temp,l 

addk l,Rtemp ; Id the even field already . . . increase overrun count 

move Rtemp,@overrun,l 

s7 move *Rstatp,Riemp ; We know it is even, so now we need to wait for odd 

btst 0,Rtemp 

jrz s7 

move 'RstatpJUemp 

btst OjRlemp 

jrz s? 

jruc s6 

.end 
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22/24 EDL 






TITLE: UNTTTLEDOl 












PCM: NON-DROP FRAME 










001 050 V 


c . 


04:1123:21 


04:1137:19 


01O0O0O0 


0100:1328 


M2 050 


030.0 




04:11:23:21 






002 050 V 


C 


04:03:14:26 


04:03:2001 


0100:13:28 


0100:1903 


M2 050 


030.0 




04:03:1426 






003 050 V 


c 


04:11:37:19 


04:11:55:29 


0100:1903 


0100-37:13 


M2 050 


030.0 




04:1137:19 






004 050 V 


c 


04:04:51:01 


04:04:56:13 


0100:37:13 


0100:4224 


M2 050 


030.0 




04:04:5101 






TITLE: UNTTTLEDOl 












PCM: NON-DROP FRAME 










001 THEY_C V 


c 


04:1123:21 


04:11:37:19 


01:00:0000 


0100:1328 


M2 THEY_C 


030.0 




04:11:23:21 






002 THEY_C V 


C 


0403:14:26 


04:03:20:01 


0100:13:28 


0100:1903 


M2 THEY_C 


030.0 




04:03:14:26 






003 THEY_C V 


c 


04:1137:19 


04:11:5529 


01:00:19:03 


010037:13 


M2 THEY_C 


030.0 




04:11:37:19 






004 THEY__C V 


c 


04.04:51:01 


04:04:56:13 


01:00:37:13 


0100:4224 


M2 THEY_C 


030.0 




0404:5101 







Avid Technology, Inc. 
Assemble list for edl file picture: 



Seq 


first edge 


last edge 


length 


cum 


Camera Roll 


001 


OPTICAL Number 1 


FADE IN 


1+08 


1+08 


EFFECT 


002 


end of optical 1 to 


scene end 


4+02 


5+10 


Rat #1 


003 


KJ789876 -1370 +05 


-1372+05 


2+01 


7+11 


Flat #1 


004 


Scene start to 


start of optical 2 


1+04 


8+15 


Flat #1 


005 


OPTICAL Number 2 


DISSOLVE 


3+00 


11+15 


EFFECT 


006 


end of optical 2 to 


scene end 


7+05 


19+04 


Flat m 


007 


KJ789876 -1236 +02 


-1243 +09 


7+08 


26+12 


Flat #1 


008 


Scene start to 


start of optical 3 


2+04 


29+00 


Flat #1 


009 


OPTICAL Number 3 


FADE OUT 


1+08 


30+08 


EFFECT 


010 


LEADER -0000 +00 


-0089 +15 


90+00 


120+08 


LEADER 


Oil 


OPTICAL Number 4 


FADE IN 


1+08 


122+00 


EFFECT 


012 


end of optical 4 to 


scene end 


1+08 


123+08 


Flat #1 


013 


KH123456 -5085 +05 


-5091 +10 


6+06 


129+14 


Rat #1 


014 


K3789876 -1399 +05 


-1409+08 


10+04 


140+02 


Flat #1 


015 


LEADER -0000 +00 


-0003 +14 


3+15 


144+01 


LEADER 


016 


KH123456 -5132 +02 


-5142 +04 


10+03 


154+04 


Flat #1 


017 


KH123456 -5053 +15 


-5057 +11 


3+13 


158+01 


Flat #1 


018 


KH123456 -5083 +00 


-5083 +13 


0+14 


158+15 


Flat #1 
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019 
020 
021 

022 



KJ789876 -1244 +09 


-1248+09 


4+01 


163+00 


Flat#l 


KJ789876 -1453 +07 


-1464 +11 


11+05 


174+05 


Flat #1 


Scene start to 


start of optical 5 


6+02 


180+07 


Rat#l 


OPTICAL Number 5 


FADE OUT 


1+08 


181+15 


EFFECT 



Avid Technology, Inc. 

Assemble Pull List (scene pull in assemble order) for edl file picture: 

Tapename Segment Name fust edge last edge length scene 



NAB91 COMPI LATIONTAP E Rat #1 KJ789876 -1441 +15 -1575 

NAB91 COMPI LATIONTAPE Flat #1 KJ789876 -1368 +13 -1393 

NAB91 COMPI LATIONTAPE Flat #1 KH123456 -5019 +11 -5050 

NAB91 COMPI LATIONTAPE Rat #1 KJ789876 -1327 +03 -1368 

NAB91 CCM PILATIONTAPE Flat #1 KJ789876 -1234 +00 -1300 

NAB91CCMPILATIONTAPE Flat #1 KHl 23456 -5050 +05 -5082 

NAB91 COM PI LATIONTAPE Flat #1 KJ789876 -1300 +01 -1327 

NAB91COMPILATIONTAPE Rat#l KHl 2345 6 -5083 +00 -5128 

NAB 91 COM PI LATIONTAPE Flat #1 KJ 789876 -1393 +08 -1441 

NAB91 COMPI LATIONTAPE Flat#l KHl 23456 -5128 +02 -5172 



+03 


133+05 


+07 


24+11 


+04 


30+10 


+12 


41+10 


+00 


66+01 


+15 


32+11 


+02 


27+02 


+01 


45+02 


+14 


48+07 


+05 


44+04 



Avid Technology, Inc. 
Pull list for edl file picture: 

Seq first edge last edge roll Lab Roll length scene take 



004 


KH123456 -5020 +11 


see OPTICAL 2 


Flat #1 


1+04 


1 


2 


008- 


KH123456 -5052 +06 


see OPTICAL 3 


Flat#l 


2+04 


2 


1 


017* 


KH123456 -5053 +15 


-5057 +11 


Flat#l 


3+13 


2 


1 


018 


KH123456 -5083 +00 


-5083 +13 


Rat #1 


0+14 


3 


2 


013 


KHl 23456 -5085 +05 


-5091 +10 


Rat#l 


6+06 


3 


2 


016 


KH123456 -5132 +02 


-5142 +04 


Flat#l 


10+03 


3a 


1 


007 


KJ789876 -1236 +02 


-1243 +09 


Flat #1 


7+08 


6 


1 


019 


KJ789876 -1244 +09 


-1248 +09 


Flat #2 


4+01 


6 


1 


012 


KJ789876 -1305 +03 


see OPTICAL 4 


Flat #1 


1+08 


7 


1 


006 


KJ789876 -1332 +01 


see OPTICAL 2 


Flat #1 


7+05 


7. 


2 


003 


KT789876 -1370 +05 


-1372 +05 


Flat #1 


2+01 


9 


1 


014 


KJ789876 -1399 +05 


-1409 +08 


Flat m. 


10+04 


9 


3 


021 


KJ789876 -1412 +08 


see OPTICAL 5 


Flat m 


6+02 


9 


3 


002 


KJ789876 -1447 +03 


see OPTICAL 1 


Flal#l 


4+02 


10 


5 


020 


KJ789876 -1453 +07 


-1464 +11 


Flat #1 


11+05 


10 


5 


010 


LEADER -0000 +00 


-0089+15 


35 mm LEADER 


90+00 




015 


LEADER -0000 +00 


-0003+14 


35 mm LEADER 


3+15 






001 


OPTICAL Number 1 


FADE IN 


EFFECT 


1+08 






005 


OPTICAL Number 2 


DISSOLVE 


EFFECT 


3+00 






009* 


OPTICAL Number 3 


FADE OUT 


EFFECT 


1+08 






011 


OPTICAL Number 4 


FADE IN 


EFFECT 


1+08 






022 


OPTICAL Number 5 


FADE OUT 


EFFECT 


1+08 







Avid Technology, Inc. 

Scene Pull List for edl file picture: 

Tapename Lab Roll first edge last edge length scene 



NAB91COMPILATIONTAPE 


Flat 


#1 


KH123456 


-5019 +11 


-5050 


+04 


30+10 


NAB91COMPILAT10NTAPE 


Flat 


#1 


KHl 23456 


-5050 +05 


-5082 


+15 


32+11 


NAB91 CCM PILATIONTAPE 


Flnt 


#1 


KHl 23456 


-5083+00 


-5128 


+01 


45+02 


NAB91COMPILATIONTAPE 


Flat 


#1 


KHl 23456 


-5128 +02 


-5172 


+05 


44+04 


NAB91 COMPI LATIONTAPE 


Flat 


#1 


KJ 789876 - 


-1234+00 


-1300 


+00 


66+01 


NAB91COMPILATIONTAPE 


Flat 


#1 


KJ789876- 


-1300 +01 


-1327 


+02 


27+02 


NAB91 COMF1 LATIONTAPE 


Flat 


#1 


KJ789876 - 


-1327 +03 


-1368 


+12 


41+10 


NAB9] COMPI LATIONTAPE 


Flat 


#1 


KJ 789876 ■ 


-1368 +13 


-1393 


+07 


24+11 


NAB91 COMPILATIONTAPE 


Flat 


#1 


KJ789876 -1393 +08 


-1441 


+14 


48+07 


NAB91 COM PI LATIONTAPE 


Flat 


#1 


KJ789876 -1441 +15 


-1575 


+03 


133+05 



Avid Technology, Inc. 

Negative Dupe list for edi file picture: 

first edge dupe negative start scene 

^9 last edge dupe negative end take roll 



008 KH123456 -5052 +06 KHl 2345 6 -5052 +06 2 Rat #1 

-5054 +09 KHl 23456 -5057 +11 1 

017 KH123456 -5053+15 2 Rat #1 

-5057+11 i 

009 OPTICAL Number 3 KHl 23456 -05054 +10 2 Rat #1 

KHl 23456 -05056 +07 1 



Avid Technology, Inc. 

Optical efTects list for EDL file picture: (5 effects) 

Num:001 Typc:Fadc-in Length: 1+08 (24 frames) 
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-continued 




APPENDIX TS 


Cut: 001 
Edl : 001 


OUT: 


IN: 


Scene start: 
FADE start: 
FADE center: 
FADE end: 
Scene end: 


Roll: BLACK 

Scene: 

Take: 

BLACK 

BLACK 

BLACK 

BLACK 


Roll: Flat #1 
Scene: 10 
Take: 5 

KT789876 -01445 +11 
KJ789876 -01446 +06 
KJ789876 -01447 +02 
KJ789876 -01451 +05 


Num: 002 
Cut: 005 


Type: Dissolve 


Length: 3+00 (48 frames) 


Edl: 004 


OUT: 


IN: 


Scene start: 
DSLV start: 
DSLV center: 
DSLV end: 
Scene end: 


Roll: Flat #1 
Scene: 1 
Take: 2 

KH123456 -05020 +11 
KH123456 -05021 +15 
KH123456 -05023 +06 
KH123456 -05024 +14 


Roll: Flat #1 
Scene: 7 
Take: 2 

KJ789876 -01329 +01 
KT789876 -01330 +08 
KJ789876 -01332 +00 
KJ789876 -01339 +05 


Num: 003 
Cut: 009 
Edl: 007 


Type: Fade-out 
OUT: 


Length: 1+14 (30 frames) 
IN: 


Scene start: 
FADE start: 
FADE center: 
FADE end: 
Scene end: 


Roll: Flat #1 
Scene: 2 
Take: 1 

KH123456 -05052 +06 
KH1 23456 -05054 +10 
KH123456 -05055 +08 
KH123456 -05056 +07 


Roll: BLACK 

Scene: 

Take: 

BLACK 
BLACK 
BLACK 
BLACK 


Num: 004 
Cut: Oil 
Edl: 008 


Type: Fade-in 
OUT: 


Length: 1+08 (24 frames) 
IN: 


Scene start: 
FADE start: 
FADE center: 
FADE end: 
Scene end: 


Roll: BLACK 

Scene: 

Take: 

BLACK 

BLACK 

BLACK 

BLACK 


Roll: Flal#l 
Scene: 7 
Take: 1 

KJ789876 -01303 +11 
KJ789876 -01304 +06 
KJ789876 -01305 +02 
KJ789876 -01306 +10 


Num: 005 
Cut: 022 
Edi:017 


Type: Fade-out 
OUT: 


Length: 1+14 (30 frames) 
IN: 


Scene start: 
FADE start: 
FADE center: 
FADE end: 
Scene end: 


Roll: Flat #1 
Scene: 9 
Take: 3 

KJ789876 -01412 +08 
KJ789876 -01413 +10 
KJ789876 -01419 +08 
K3789876 -01420 +07 


Roll: BLACK 

Scene: 

Take: 

BLACK 
BLACK 
BLACK 
BLACK 



What is claimed is: 

1. A computer-based system for non-linear editing of a 
program from a source having a temporal resolution corre- 
sponding to a playback rate of 24 frames per second, 60 
comprising: 

a random access computer readable medium on which a 
plurality of sequences of digital images are stored 
corresponding to the source and having a one-to-one 65 
correspondence with the playback rate of 24 frames per 
second; 



nonlinear editing means, responsive to user input, for 
specifying a sequence of segments of said plurality of 
sequences of digital images store on the random access 
computer readable medium, wherein a start location 
and a stop location of each segment in its correspond- 
ing sequence of digital images may be at any frame 
boundary and are at a temporal resolution correspond- 
ing to the playback rate of 24 frames per second; and 

means for generating a representation of the program 
from the sequence of segments of the sequences of 
digital images. 
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2. The computer-based system of claim 1, further includ- having the frame rate of 29.97 frames per second and the 
ing a means for synchronizing an audio soundtrack with the data indicative of the redundant fields within the image data 
representation of the program. 16. The computer-based system of claim 15, wherein the 

3. The computer-based system of claim 2, wherein the data indicative of the redundant fields within the image data 
synchronized representation of the program and the audio 5 includes a film transfer log having a synchronization point 
soundtrack is a television signal. between the film and the image data and data indicative of 

4. The computer-based system of claim 3, wherein the where in a pull-down sequence the pull-down sequence was 
means for generating includes a means for generating redun- used to generate the image data 

dam video fields within the television signal so that the 17. A method for non-linear editing of a program from a 

frS^ELT P " 3 ralC 9 10 ^ h3ViDg a temp ° ral rcS0luli0 " -rrLponding to a 

5. THe computer-based system of claim 3, further com- ^ * * fim,,BraBCOnd - lhe melhod com ^ 
prising a display that displays the television signal. ' . 

6. The computer-based system of claim 2, wherein the stonng a P lurahl y of sequences of digital images in a 
audio soundtrack corresponds to film having a frame rate of random-access computer readable medium, wherein 
24 frames per second and the means for synchronizing 15 each sconce of digital images has a one-to-one 
includes a means for slowing down the audio soundtrack correspondence with the playback rate of 24 frames per 
from the rate corresponding to a film rate of 24 frames per second; 

second to a rate corresponding to a film rate of 23.976 nonlinear editing of a sequence of segments of said 

frames per second. plurality of sequences of digital images stored on the 

7. The computer-based system of claim 2, wherein the 20 random access computer readable medium, wherein a 
audio soundtrack is a digitized representation, and further start location and a stop location of each segment in its 
including a display that displays the representation of the corresponding sequence of digital images may be at 
program and the synchronized digitized representation of the any frame boundary and are at a temporal resolution 
audio soundtrack corresponding to the playback rate of 24 frames per 

8. The computer-based system of claim 7, wherein the 25 second- and 

r^nt^on^ generating a representation of the program from the 

representation of the audio soundtrack are disp ayed at a rtf * t „ * fU vT • , 

frame rate of 24 frames per second. ^JJ^* ° f ° f se ^ ences of digital 

9 The computer-based system of claim 7, wherein the 18 . melhod of claim 17 wherein me f 

fSsSt r m ? t a OTrrent locatio 7 f 30 **« mdudes editi °g * °™Sg 

an image of the representation of the program m any of a trt th*> -0,,^^ «L ~r .u j- , - B 

toe code fen,/* key code fcn^anf a fito f<L g e 2^7^=^^^^ 

10. ^^.b^s^ofcl^l.fanberioc.ud- ^r^T^SS^ 

...... 35 ating the representation of the program includes generating 

a bin containing information about the start location and a television signal including a synchronized soundtrack, 
the stop location of each segment of the sequence of 20. The method of claim 18, wherein the step of synchro- 
segments of the sequences of digital images in any of nizing includes slowing down the digitized soundtrack from 
a time code format, a key code format and a film a rate corresponding to a film rate of 24 frames per second 
tootage lormat; and 40 t0 a rate corresponding to a film rate of 23.976 frames per 
means for updating the bin with the start location and the second, 
stop location of each segment in response to the speci- 21. The method of claim 19, wherein the step of gener- 
fying of the sequence of segments of the sequence of ating the representation of the program as the television 
d j^ lal "Bages- signal includes adding redundant fields within the television 

11. The computer-based system of claim 1, wherein the 45 signal so that the television signal can be displayed at a 
representation of the program is a film cut list that identifies frame rate of 29.97 frames per second. 

cuts to be made to film so that the film can be edited to 22. The method of claim 19, further comprising the step 

correspond to the sequence of segments of the sequences of of displaying the television signal. 

digital images. 23. The method as claimed in claim 18, further compris- 

12. The computer-based system of claim 11, further 50 ing the step of displaying the representation of the program 
comprising a means for editing the film to correspond to the in synchronization with the digitized soundtrack, 
sequence of segments of the sequences of digital images 24. The method as claimed in claim 23, wherein the 
based upon the film cut list. representation of the program and the synchronized digitized 

13. The computer-based system of claim 1, wherein the soundtrack are displayed at a frame rate of 24 frames per 
representation of the program is an edit decision list that 55 second. 

describes edits to be made to a video sequence correspond- 25. The method of claim 23, wherein the step of display- 
ing to the source and having a frame rate of 29.97 frames per ing the representation of the program includes displaying a 
second, so that the video sequence can be edited to corre- metric tracking a current location of an image of the repre- 
spond to the sequence of segments of the sequences of sentation of the program in any of a time code format, a key 
digital images. 60 code format and a film footage format. 

14. The computer-based system of claim 1, further com- 26. The method of claim 17, wherein the step of speci- 
pnsmg means, operative in response to data indicative of fying the sequence of segments of the sequences of digital 
redundant fields within image data corresponding to film and images includes updating a bin containing information iden- 
having a frame rate of 29.97 frames per second, for con- tifying the start location and the stop location of the seg- 
verting the image data to the sequences of digital images. 65 ments of the sequences of digital video images, the infor- 

15. The computer-based system of claim 14, further mation being in any of a time code format, a key code format 
comprising means for converting the film to the image data and a film footage format 
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27. The method of claim 17, wherein the step of gener- 39. The computer-based system of claim 35 wherein the 
atmg the representation of the program includes the step of audio soundtrack corresponds to film having a frame rate of 
generating a film cut list thai describes cuts to be made to 24 frames per second and the means for synchronizing 
film so that the film can be edited to correspond to the includes a means for slowing down the audio soundtrack 
sequence of segments of the sequences of digital images. 5 from the rate corresponding to a film rate of 24 frames per 

28. The method of claim 27, further comprising the step second to a rate corresponding to a film rale of 23 976 
of cutting the film according to the film cut list to correspond frames per second. 

to the sequence of segments of the sequences of digital 40. The computer-based system of claim 35, wherein the 

""So^k .i « ft* i» * i_ , audio soundtrac k is a digitized representation, and further 

2V. ITie method of claim 17, wherein the step of gener- including a display that displays the representation of the 

atmg the representation of the program includes the step of program and the synchronized digitized representation of the 

generating an edit decision list that describes edits to be audio soundtrack. 

made to image data corresponding to film and having a 41. The computer-based system of claim 40, wherein the 

frame rate of 29.97 frames per second, so that the image data representation of the program and the synchronized digitized 

can be edited to correspond to the sequence of segments of representation of the audio soundtrack are displayed at a 
the sequences of digital images. 15 frame rate of 24 frames per seC ond. 

30. The method of claim 17, further comprising the step 42. The computer-based system of claim 40 wherein the 

of digitizing image data representing film having a frame display includes a metric that displays a current location of 

rate of 29.97 frames per second, using data indicative of an image of the representation of the program in any of a 

redundant fields within the image data, so as to generate the time code format, a key code format and a film footage 
sequences of digital images having a frame rate of 24 frames 20 format. 

P %f^ nd " .« • ci' "yt\ c i_ • . 43. The computer-based system of claim 34, further 

Al. J ne method ot claim 30, further comprising the step including: 

of convertbg the film to the image data including the a bin containing information about the start location and 

redundant fields and the data ind.cat.ve of .be redundant , be stop location of each segment of the sequence of 

%i'-n. .u j r ■ • t - ■ , 2S segments of the sequence of digital images in any of a 

• a 1 ^, °2 ° • ° lailD f *' ^ he I em ,he StCp 0f COnvert ' time fonnat > » code format and a film footage 

ing the him to the image data includes generating a film format- and 

transfer log having a synchronization point between the film means for u ^ atin fte bin ^ ^ ^ 

™nJLT ee ^fl lnd,CahVe of where ? a stop location of each segment in response to specifi- 

KiS»"25 dat. piJWowa was - d 10 - szt^jr*" oLsmca * oTL ^ oi 

33. A program made by the method of claim 17 44. The compuTer-based system of claim 34, wherein the 

34. A computer-based system for non-hnear editing of a representation of the program is a film cut list that identifies 
SI fr ° m 8 7^ t aV1 " 8 a e T^ reSOh,, '° D ^ * be made 10 fflm *> that film can be edited to 
2SStor P y *" ' 35 ^"espond to the sequence of segments of the sequence of 

p g ' digital images, 

a random access computer readable medium on which at 45. The computer-based system of claim 44, further 

least one sequence of digital images is stored cone- comprising a means for editing the film to correspond to the 

spending to the source and having a one-to-one corre- sequence of segments of the sequence of digital images 

spondence with the playback rate of 24 frames per 40 based upon the film cut list 

second, wherein the digital images have a first order, 46. The computer-based system of claim 34, wherein the 

nonlinear editing means, responsive to user input, for representation of the program is an edit decision list that 

specifying a sequence of segments of the at least one describes edits to be made to a video sequence correspond- 

sequence of digital images stored on the random access ing to film and having a frame rate of 29.97 frames per 

computer readable medium, wherein a start location 45 second, so that the video sequence can be edited to corre- 

and a stop location of each segment in its correspond- spond to the sequence of segments of the sequence of digital 

ing sequence of digital images may be at any frame images. 

boundary and are at a temporal resolution correspond- 47. The computer-based system of claim 34, further 

ing to the playback rate of 24 frames per second, comprising means, operative in response to data indicative 

wherein the digital images in the sequence of segments 50 of redundant fields within image data corresponding to film 

have a second order different from the first order; and and having a frame rate of 29.97 frames per second, for 

means for generating a representation of the program converting the data to the sequence of digital images having 

from the sequence of segments of the at least one a frame rate of 24 frames per second, 

sequence of digital images. 48. The computer-based system of claim 47, further 

35. The computer-based system of claim 34, further 55 comprising means for converting the film to the image data 
including a means for synchronizing an audio soundtrack having the frame rate of 29.97 frames per second and the 
with the representation of the program. data indicative of the redundant fields within the image data. 

36. The computer-based system of claim 35, wherein the 49. The computer-based system of claim 48, wherein the 
synchronized representation of the program and the audio data indicative of the redundant fields within the image data 
soundtrack is a television signal. 60 includes a film transfer log having a synchronization point 

37. The computer-based system of claim 36, wherein the between the film and the image data and data indicative of 
means for generating includes a means for generating redun- where in a pull-down sequence the pull-down sequence was 
dant video fields within the television signal so that the used to generate the image data. 

television signal can be displayed at a frame rate of 29.97 50. A program having a playback rate of 24 frames per 

frames per second. 65 second, made by a nonlinear process comprising: 

38. The computer-based system of claim 36, further storing a plurality of sequences of digital images corre- 
comprising a display that displays the television signal. sponding to a source in a random access computer 
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readable medium, the sequence of digital images hav- 
ing a one-to-one correspondence with the playback rate 
of 24 frames per second; 
nonlinear editing of a sequence of segments of said 
plurality of sequences of digital images stored in The 
random access computer readable medium, wherein a 
start location and a stop location of each segment in its 
corresponding sequence of digital images may be at 
any frame boundary and is at the temporal resolution of 
the playback rate of 24 frames per second; and 



34 



generating a representation of the program from the 
sequence of segments of the sequences of digital 
images. 

51. The program of claim 50, wherein the generated 
representation of the program is a cut list. 
. 52. The program of claim 51, wherein the method further 
comprises the step of making the program by cutting film 
according to the cut list to correspond to the sequence of 
segments. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 5,930,445 Page 1 of 2 

DATED : July 27, 1999 

INVENTOR(S) : Eric C Peters; Patrick D. O'Connor; Michael E. Phillips 



It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Title page. Page 2. 

Under OTHER PUBLICATIONS, replace 

"Becker, Stanley D., Stimultaneous Release on Film and Tape" with — Becker, Stanley 
S., "Simultaneous Release on Film and Tape - 

Column K 

Line 29, replace "he rein" with — herein — . 
Column 3. 

Line 33, replace "or" with — for — . 
Column 4, 

Line 47, replace "creat" with — create 
Line 50, replace "telecin" with — telecine — . 

Column 5. 

Line 2, replace "pull down" with — pulldown ~. 
Line 52, replace "hat" with — that — . 

Column 6. 

Line 40, replace "FIG. 1." with - FIG. 1, -. 
Column 7. 

Line 41, after "system" insert - , 
Column 9. 

Line 14, between "spliced" and "together" delete "to". 
Column 10, 

Line 15, between "and" and "edit" insert — a 

Replace entirety of "Appendix A" (sic) with Appendix A attached hereto. 
Replace entirety of "Appendix TS" (sic) with Appendix B attached hereto. 
Column 28. 

Line 59, replace "store" with - stored --. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 5,930,445 Page 2 of 2 

DATED : July 27, 1999 

INVENTOR(S) : Eric C. Peters; Patrick D. O'Connor, Michael E. Phillips 



It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 30, 

Line 7, delete "where in" and after "sequence" (first occurrence) insert — wherein 

Line 31, replace "sequences" with — sequence 

Line 31, replace "sequence digital" with sequences of digital 

Column 3L 

Line 29, delete "where in". 

Line 30, after "sequence" (first occurrence) insert - wherein ~. 
Column 32. 

Line 25, after "the" insert — at least one 

Line 30, after "the" (second occurrence) insert - at least one ~. 

Line 35, after "the" (second occurrence) insert - at least one ~. 

Line 39, after "the" insert — at least one 

Line 46, after "the" (second occurrence) insert ~ at least one 

Line 52, after "the" (second occurrence) insert - at least one 

Line 62, delete "where in" and after "sequence" (first occurrence) insert - wherein --. 
Column 33, 

Line 5, replace 'The" with — the — . 

Line 6, replace "readable" with - readable ~, 



Signed and Sealed this 
Twenty-fifth Day of September, 2001 

Attest: 

-?fM*> p. 

NICHOLAS P.GODIC1 

A ttesrin g Officer Acting Director of the United States Patent and Trademark Office 
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